Viruses are generally considered molecular parasites that are pathological for the organisms in which they replicate. They might be neutral but are not expected to provide a selective advantage to the infected organism. However, there is a major exception: the case of polydnaviruses (PDVs), obligatorily associated with thousands of species of parasitoid hymenopterans which develop within lepidopteran host insects. Polydnavirus particles produced in the female wasp's s ovaries are injected into host larvae during oviposition. PDV gene expression in host cells protects the parasitoid progeny by inducing both an inhibition of the immune defenses and a developmental arrest of the host (1, 4, 10, 17, 19) .
Polydnaviruses have a segmented genome composed of dozens of double-stranded DNA (dsDNA) circles (4, 19) . The sequence of each circular molecule is also present in the wasp in a linear form integrated into high-molecular-weight DNA (5, 7, 15, 22) . The results of molecular analyses of two PDV segments in different species have demonstrated that sequences flanking virus segments were not included in the virus particles (5, 15) . Thus, it was assumed that this DNA corresponded to the wasp chromosomal sequences, indicating that virus segments were integrated as proviruses in the wasp genome. However, this interpretation has not been verified to date through a cytological approach. Here we present the first visualization of PDV sequences integrated within a wasp genome using in situ hybridization of viral probes on C. congregata (Braconidae, Microgastrinae) chromosomes and in addition demonstrate that multiple probes bind to a common site on chromosome 5, suggesting that the PDV genome is organized as a macrolocus on this chromosome.
C. congregata karyotype. Metaphase spreads were prepared as previously described for Drosophila melanogaster (11) using developing brain and gonad cells from wasp larvae at the prepupal stage (13) . The complementary sex determination model applies for sex determination in many hymenopteran species (12) . In this model, individuals heterozygous at the sex locus develop as females, while hemizygous and homozygous individuals develop as haploid and diploid males, respectively. The C. congregata haploid set of chromosomes (n ϭ 10) was identified using haploid males that constitute the sole progeny of virgin females. As previously suggested (16), diploid males (2 n ϭ 20) were regularly observed in the progeny of mated females in addition to haploid males and diploid females, indicative of a low level of polymorphism at the sex locus in the laboratory strain.
The C. congregata karyogramme shown in Fig. 1 was established from the pictures of 10 metaphase spreads (5 haploid males and 5 diploid females). The chromosome number determined corresponds to the number mode of chromosome distribution in the few braconid species analyzed to date (6) (Fig.  1c) . The C. congregata karyotype is comprised of six metacentric (1, 2, 3, 4, 6, and 10), three subtelocentric (5, 7, and 8) and one acrocentric chromosome, 9. The size and organization of chromosomes 2, 3, 4, and 6 are roughly similar, while the other chromosomes can be clearly distinguished on the basis of their morphology (see Fig. 1a and 1b) .
In situ hybridizatino of rDNA probes to C. congregata chromosomes. To set up in situ hybridization on C. congregata chromosomes, a fragment corresponding to rDNA sequence, highly conserved among insects, was used as a probe. The rDNA probe was Py12 cloned in pBr322 (13) . It contains the Drosophila melanogaster 18S, 5.8S, and 28S genes plus intergenic spacer sequences. Methods for hybridization followed the procedure used before (14) . The sites of hybridization were detected by an immunocytological reaction between biotinylated DNA probe and enzyme-conjugated avidin. The peroxidase is revealed by diaminobenzidine, and the brownish reaction product is observed on the Giemsa-stained chromosomes.
A unique hybridization signal was identified with the rDNA probe on metaphase spreads from haploid larvae cells, located on the dot-shaped short arm of chromosome 8, the smallest subtelocentric chromosome. On metaphase spreads from diploid prepupal cells, two signals were observed in the same region of both chromosome 8 homologues (Fig. 2a) . Interphase nuclei were also hybridized with the probe and showed generally one signal when male cells were analyzed and two spots for females. The data obtained indicate that the experimental conditions used are suitable for in situ hybridization of DNA probes on C. congregata chromosomes.
Visualization of EP1 polydnavirus sequences on C. congregata chromosome 5. To analyze polydnavirus sequences integrated in C. congregata chromosomes, we have a fragment of the cDNA of the early protein 1 (EP1) gene, located on the smallest segment of the virus genome. This gene encodes a virus protein which is expressed abundantly in parasitized host hemolymph in tobacco hornworm larvae and other permissive hosts (8, 9) . In Southern blot analysis using male wasp DNA, the EP1 probe gives a hybridization pattern resembling that of a single-copy chromosomal gene (15) . Accordingly, metaphase spreads from haploid males cells showed a unique hybridization signal located on the short arm of the subtelocentric chromosome 5.
Chromosome 5 can be readily distinguished because it is much larger than the other subtelocentric chromosomes, chromosome 7 (30% larger) and chromosome 8 (40% larger). Moreover, chromosome 5 has a small but distinct short arm, while chromosome 7 is nearly acrocentric. On metaphase spreads from diploid cells, the signals were observed on both chromosome 5 homologues (Fig. 2c) . Interphase nuclei were also hybridized with the EP1 probe and showed generally one signal when haploid male cells were analyzed and two spots for diploid females prepupal cells. Thus, the data indicate unambiguously that the EP1 segment is integrated into chromosomal DNA and that it is localized on the short arm of C. congregata chromosome 5.
Common localization of multiple viral probes suggests a single integration event. To confirm that the integration of C. congregata PDV segments into C. congregata chromosomes is not restricted to the EP1 sequence, we performed in situ hybridization using two other virus probes. This analysis also addressed the question of the overall organization of the different segments within the wasp genome and permitted the identification of the location of the different viral sequences, which could be either localized at a single chromosomal locus or scattered throughout the wasp chromosomes.
The probes VP1 and VP2 were randomly cloned from XhoI restriction digest fragments of C. congregata PDV DNA which had been purified as previously described (2) . Southern blot analysis of undigested purified virus DNA indicated that the VP1 and VP2 probes are specific for two different large virus segments. Strikingly, in situ hybridization of the VP1 and VP2 probes on C. congregata chromosomes gave results similar to those obtained using the EP1 probe. A unique hybridization signal was present on most metaphase spreads from haploid larvae cells, located on the short arm of chromosome 5 ( Fig. 2d  and e) . In metaphase spreads from diploid larvae cells, two signals were generally observed on the chromosome 5 homologues. Interphase nuclei showed one signal when haploid cells were analyzed (Fig. 2g) , and two spots were visualized in diploid female cells.
Spermatid nuclei were hybridized with the VP2 probe, and surprisingly, the signals were always localized at the same relative position between the extremities of the nucleus, on the same side and at the periphery (Fig. 2h) . Previous studies on human sperm nuclei have yielded a model for sperm nucleus organization in which the centromeres are grouped into a "chromocenter" central inside the sperm nucleus and the telomeres are associated in doublets at the periphery (23) . If this model is applicable to C. congregata spermatids, the pattern of hybridization observed indicates a telomeric location of PDV sequences. The precise localization of the signal also suggests that C. congregata chromosomes are arranged in a defined order in the spermatid nucleus, as described for the monotrene mammalian sperm nucleus (18) .
We present here the first cytological evidence to demonstrate PDV sequence integration in wasp chromosomal DNA. The C. congregata segments analyzed were all visualized at the same chromosomal location, indicating that they are clustered on chromosome 5 (Fig. 2f) . Recent phylogenetic studies indicate that all the wasp species of the braconid family of hymenopterans harboring polydnaviruses have a monophyletic origin (3, 20) . Thus, more than 17,000 species conceivably originated from a single event, estimated to have occurred 60 million years ago: the integration of a PDV ancestor as a provirus into the chromosomes of an ancestral wasp species (21) .
The PDV would have driven the diversification of this group by facilitating the adaptation of the parasitoid wasps to the physiological contexts of thousands of lepidopteran hosts. Given the common localization of multiple probes derived from different genomic segments, we suggest that the virus genome might be organized as a macrolocus on chromosome 5. Such an organization would support the hypothesis of the unique origin of the braconid wasp-PDV association, since a single integration event would have been sufficient to integrate all the virus sequences in the ancestor wasp genome.
